End-to-end anastomosis in the treatment for bile duct injury during laparoscopic cholecystectomy has been associated with stricture formation. The aim of this study was to experimentally investigate the effect of oral tamoxifen (tmx) treatment on fibrosis, collagen content and transforming growth factor-b1, -b2 andb3 expression in common bile duct anastomosis of pigs. Twenty-six pigs were divided into three groups [sham (n = 8), control (n = 9) and tmx (n = 9)]. The common bile ducts were transected and anastomosed in the control and tmx groups. Tmx (40 mg/day) was administered orally to the tmx group, and the animals were euthanized after 60 days. Fibrosis was analysed by Masson's trichrome staining. Picrosirius red was used to quantify the total collagen content and collagen type I/III ratio. mRNA expression of transforming growth factor (TGF)-b1, -b2 and -b3 was quantified using real-time polymerase chain reaction (qRT-PCR). The control and study groups exhibited higher fibrosis than the sham group, and the study group showed lower fibrosis than the control group (P = 0.011). The control and tmx groups had higher total collagen content than the sham group (P = 0.003). The collagen type I/III ratio was higher in the control group than in the sham and tmx groups (P = 0.015). There were no significant differences in the mRNA expression of TGF-b1, -b2 and -b3 among the groups (P > 0.05). Tmx decreased fibrosis and prevented the change in collagen type I/III ratio caused by the procedure.
end-to-end anastomosis could be considered a sufficient treatment (de Reuver et al. 2007b) . The small calibre of the common bile duct hinders the anastomosis procedure and favours stenosis, which is usually secondary to the inflammatory process and fibrosis (Starling & Abrantes 2003) . A previous study showed that rapamycin did not alter the levels of hydroxyproline, a major component of collagen, in an experimental pig model of biliary tract anastomosis (Kahn et al. 2005) . Despite great clinical importance, there are few studies on the pharmacological prevention of bile duct stenosis.
Basic and translational wound healing research on the biliary tree lags significantly behind similar studies on the skin and gastrointestinal tract. This is at least partly attributable to the lack of easy access to the biliary tract for study purposes (Demetris et al. 2006) . In certain keloid fibroblasts an increase in type I procollagen gene expression was observed (Uitto et al. 1985) . Extensive subepithelial fibrosis and excessive collagen deposition suggest the involvement of collagen type I in human postintubation tracheal stenosis (Correa Reis et al. 2012) . Several studies have shown that the changes in collagen contents are primarily characterized by a significant alteration in collagen type I/III ratio (Si et al. 2002; Junge et al. 2007) . A previous study showed a significant increase in collagen type I/III ratio in a model of urethral stricture in pigs (Sievert et al. 2012) . Transforming growth factor (TGF)-b1 and -b2 have been associated with fibrogenic conditions, whereas TGF-b3 was shown to decrease fibrosis and scarring (Mikulec et al. 2001; Karaca et al. 2013) . High expression of TGF-b1 is related to chronic inflammation, extracellular matrix over deposition and scar contracture of the bile duct caused by bile (Geng et al. 2005) . Wound contraction has been shown to be important in the development of biliary tract stenosis (Demetris et al. 2006) .
Tamoxifen (tmx), a synthetic non-steroidal anti-oestrogen, is the endocrine treatment of choice for all stages of breast cancer (Osborne 1998) . It may also be effective in the treatment for fibrotic diseases, such as hypertrophic scars and keloids (Gragnani et al. 2010) , encapsulating peritoneal sclerosis (Guest 2009 ), retroperitoneal fibrosis (Costanzi et al. 2008) , fibrosing mediastinitis, sclerosing cervicitis (Savelli et al. 1997) and recurrent desmoid tumours (Gwynne-Jones et al. 2005; Ohashi et al. 2006) . Its antifibrotic property is mainly via downregulation of TGF-b1 (Gragnani et al. 2010; Delle et al. 2012) .
Considering that collagen and TGF-b1 play a pivotal role in wound healing, we suggest that the inhibition of fibrosis by tmx may interfere with the healing process of biliary tract anastomosis. In an attempt to explore the mechanisms underlying the effects of oral tmx in this process, we studied common bile duct end-to-end anastomosis in pigs treated with tmx. Fibrosis, total collagen, collagen type I/III ratio and TGF-b1, -b2 and -b3 mRNA expression in the anastomotic tissue were analysed 60 days after surgery.
Methods

Animals
Male pigs (Sus scrofa domesticus; Large White breed; n = 26) with a mean weight of 27.02 kg (standard deviation AE 5.14) were housed at the Farm School of the Veterinary Faculty of Fluminense Federal University, Cachoeiras de Macacu, RJ, Brazil. The animals were divided into three groups: sham (n = 8), control (n = 9) and tmx (n = 9). To avoid potential bias due to the anti-oestrogenic effect of tmx, only male pigs were used with the following proportion of castrated: sham (87.5%), control (66.7%) and tmx (55.6%). They were kept under a 12/12-h day/night cycle, fed a standard pig chow and provided ad libitum access to water. The experimental protocols were approved by the Ethics Committee on Animal Use (Reg. No. 444) of Fluminense Federal University, Rio de Janeiro, Brazil.
Ethical approval statement
The experimental protocols were approved by the Ethics Committee on Animal Use (Reg. No. 444) of Fluminense Federal University, Rio de Janeiro, Brazil.
Anaesthesia and analgesia
All animals were premedicated with intramuscular injections of 5 mg/kg ketamine (Ketamina Agener 10% â , União Qu ımica Farmacêutica Nacional, São Paulo, Brazil), 0.5 mg/ kg midazolam (Dormire â , Crist alia, São Paulo, Brazil) and 0.05 mg/kg acepromazine (Acepran 1% â , Vetnil, São Paulo, Brazil) according to the estimated weights. After sedation, the animals were weighed on a digital scale (Lucastec, São Paulo, Brazil). The animals were preoxygenated with 100% oxygen and anesthetized with 4 mg/kg propofol (Provine 1% â , Meizler Biopharma, São Paulo, Brazil), and blood samples were collected for biochemical analysis. After endotracheal intubation, epidural block was performed with 0.5 mg/kg bupivacaine (Neoca ına â , Crist alia) and 0.1 mg/ kg morphine (Sulfato de morfina â , Hipolabor, Minas Gerais, Brazil). Anaesthesia was maintained with sevoflurane (Sevocris â , Crist alia) diluted in 100% oxygen (100 ml/kg/ min). Meloxicam (0.4 mg/kg; Maxicam 2% â , Ourofino, São Paulo, Brazil) administered subcutaneously was used for postoperative analgesia for 4 days. Tramadol 2 mg/kg (Cloridrato de tramadol â , União Qu ımica Farmacêutica Nacional) was administered only to animals that showed signs of discomfort or pain postoperatively.
Surgical procedures
Under aseptic conditions, the peritoneal cavity of each animal was accessed using a right subcostal incision, and then, the cystic artery and duct were dissected, ligated and transected. After gallbladder removal, the hepatoduodenal ligament was incised. The common bile duct was identified and dissected ( Figure 1a ). The external diameter of the bile duct was measured with a digital calliper (Digimess, São Paulo, Brazil), followed by transection only in the control and tmx groups (Figure 1b) . Continuity was re-established by standardized end-to-end anastomosis with continuous (running) stitches (polypropylene 6-0, Ethicon â , São Jos e dos Campos, SP, Brazil) (Figure 1c,d ). All anastomoses were performed by the same surgeon. The abdominal musculoaponeurotic layer was closed using simple running stitches with a polyglycolic acid suture (vicryl 0 B Braun â , Rubi, Spain). The skin was sutured using a continuous suture (nylon 3-0, Bioline â , An apolis, GO, Brazil). All animals were maintained on standard chow diet and water was provided ad libitum until the day of euthanasia.
Tmx administration
From the next day after surgery, 40 mg/day tmx citrate (Sandoz â , Camb e, PR, Brazil) was orally administrated to the tmx group for 60 days.
Euthanasia protocol
Euthanasia-anaesthesia protocol. The pigs were euthanized 60 days after surgery. They were premedicated with intramuscular injection of 5 mg/kg ketamine, 0.5 mg/kg midazolam and 0.05 mg/kg acepromazine, based on the estimated weights. After sedation, the animals were weighed on a digital scale. Following this, they were pre-oxygenated with 100% oxygen, anaesthetized with 4 mg/kg propofol, and blood samples collected again for biochemical analysis. After endotracheal intubation, anaesthesia was maintained with sevoflurane diluted in 100% oxygen (100 ml/kg/min).
Euthanasia-surgical protocol. A midline incision was performed, and the adhesions were broken. The biliary tract was dissected, and its external diameter was measured upstream of the scarred area of biliary anastomosis in the control and tmx groups with a digital calliper (Digimess). In the sham group, the bile duct was measured in the area that corresponds to the anastomotic scar in the control and tmx groups. The common bile duct was resected, opened longitudinally and divided into two halves. The posterior half was submerged in 10% buffered formalin and sent for histopathological examination and collagen analysis. The scarred area of the anterior wall of the common bile duct was collected for the analysis of TGF-b 1, -b2 and -b3 expression. After tissue sample harvesting, 10% potassium chloride was infused until complete cessation of heartbeat.
Histopathological analysis
Tissue samples of the common bile duct were fixed in 10% buffered formalin (pH 7.2) for 24 h. Following fixation, these tissues were processed for paraffin embedding and 5-lm-thick longitudinal sections were prepared. All tissue samples were stained with haematoxylin and eosin, Masson's trichrome and picrosirius red. The sections stained with haematoxylin and eosin were initially analysed by an experienced pathologist. Fibrosis of the scar area was detected and analysed by Masson's trichrome staining in the tmx and control groups. In the sham group, fibrosis was analysed in the middle of the tissue fragment. Histological classification of fibrosis was made according to the criteria described in Table 1 .
Histomorphometric analysis of collagen content
Picrosirius red was used to detect and quantify the total collagen content in the scar area of the longitudinal section of the common bile duct wall. The photomicrographs captured at 9100 magnification were obtained using a digital camera coupled to a microscope (Nikon E200; Eclipse, Tokyo, Japan). The surface density of total collagen was evaluated using the point-counting method as described previously (Felix-Patricio et al. 2015) . Briefly, a 99-point grid was superimposed over the images using the grid tool of Image J software (ImageJ 1.37; National Institutes of Health, NIH, Bethesda, MD, USA), and the points touching the collagen fibres were counted with the cell counter tool. The number of points touching the collagen was multiplied by 100 and divided by 99 to correct for the 99 points used as test system. The percentage of the analysed photomicrographs was considered as the mean of surface density of collagen for each sample: eight images of sham group and nine images for both tmx and control groups.
Collagen types I and III were analysed on slides stained with picrosirius red under polarized light, and photomicrographs of the scar area were captured under 9200 magnification using a digital camera (Olympus DP70, Tokyo, Japan) coupled to a microscope (Olympus BX51, Tokyo, Japan). The percentage of collagen area was determined by colour-based segmentation method using the Image-Pro Plus image analysis software (version 4.5.0.29z; Media Cybernetics, Rockville, USA), as described previously (Felix-Patricio et al. 2015) . Briefly, type III and I collagen appeared as green-and red-coloured fibres, respectively (Junqueira et al. 1982) , and the surface area was calculated at different moments. The histogram tool was used after colour segmentation of the image based on automatic counting of the percentage of pixels with the same colour. This percentage represents the surface density of red-or green-coloured areas, which indicates the surface density of collagen type I or III in the common bile duct. The results were expressed as the ratio of the area of collagen type I to that of III.
Quantitative reverse transcription polymerase chain reaction (qRT-PCR) of TGF-b1, b2 and -b3
Total RNA from the scarred common bile duct was isolated using Trizol reagent (Invitrogen, CA, USA), and 1 lg of total RNA was reverse-transcribed to cDNA using a superscript III kit (Invitrogen). The mRNA expression was evaluated International Journal of Experimental Pathology, 2017, 98, 269-277 using real-time PCR with specific primers for b-actin (ACTB) as the reference gene ( 
Biochemical parameters
Blood samples were collected on the days of surgery and euthanasia. Total bilirubin, direct bilirubin (DB), indirect bilirubin (IB), aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), c-glutamyl transpeptidase (GGT) and albumin (ALB) levels were analysed.
Statistical analysis
Data were analysed using the statistical analysis software (SAS â ) system, version 6.11 (SAS Institute, Inc., Cary, NC, USA). Kruskal-Wallis test was used to analyse differences among the groups followed by post hoc Dunn's multiple comparison tests. The differences in diameter of the common bile duct, weight and biochemical parameters between surgery and necropsy were assessed using the Wilcoxon signed-rank test. The proportion of castrated pigs among the groups was compared using Fisher's exact test. A P-value <0.05 was considered significant.
Results
Twenty-six pigs from the sham (n = 8), control (n = 9) and tmx (n = 9) groups were euthanized on postoperative day 60. There was no significant difference (P = 0.43) in the proportion of castrated pigs among the groups. Clinical signs of bile duct stenosis were not observed in any animal in the postoperative observation period.
Histopathological analysis
Fibrosis score (median and interquartile range) was 0.5 (0 to 1) in the sham group, 4 (3 to 5) in the control group and 2 (1 to 3) in the tmx group. A significant difference in fibrosis (P = 0.011) among experimental groups was found. It was identified that the sham group exhibited significantly lower fibrosis than the control and tmx groups, and the 
Figure 2
Comparison of fibrosis in common bile duct tissue in the sham (n = 8), control (n = 9) and tmx (n = 9) groups. Control and tmx groups presented higher fibrosis than the sham group, and the tmx group exhibited lower fibrosis than the control group (P = 0.011). [Colour figure can be viewed at wileyonlinelibrary.com] Figure 3 Comparison of total collagen content in common bile duct tissue in sham (n = 8), control (n = 9) and tmx (n = 9) groups. The control and tmx groups showed higher total collagen levels than the sham group (P < 0.05), with no significant difference between the control and tmx groups.
[Colour figure can be viewed at wileyonlinelibrary.com] 
Total collagen analysis
A significant difference in total collagen content was observed (P = 0.003) between the groups. The control and tmx groups had significantly higher total collagen levels than the sham group. There was no significant difference between the control and tmx groups (Figure 3 ).
Collagen type I/III ratio
There was a significant difference in collagen type I/III ratio (P = 0.015) among the groups. The control group showed a significantly higher collagen type I/III ratio than the sham and tmx groups (Figure 4 ). There was no significant difference between the sham and tmx groups ( Figure 5 ). Figure 5 Comparison of collagen type I/III ratio in common bile duct tissue in sham (n = 8), control (n = 9) and tmx (n = 9) groups. The control group showed a significantly higher collagen type I/III ratio than the sham and tmx groups (P < 0.05). No significant difference was observed between the sham and tmx groups. Ο: outlier of the control group *: outlier of the tmx group. [Colour figure can be viewed at wileyonlinelibrary.com] Figure 6 Comparison of transforming growth factor (TGF)-b1, -b2 and -b3 mRNA expression in common bile duct tissue of sham (n = 8), control (n = 9) and tmx (n = 9) groups. The results shown are relative to those of sham group. There was no difference among the groups (P > 0.05). Ο: outlier of TGFb2 in the sham and tmx groups. [Colour figure can be viewed at wileyonlinelibrary.com]
Quantification of mRNA expression of TGF-b1, -b2 and -b3
There was no significant difference in the mRNA expression of TGF-b1, -b2 and -b3 between the groups (Figure 6 ).
Comparative common bile duct diameter, weight and biochemical parameter variations (D) between surgery and necropsy in the three groups No significant difference in common bile duct diameter in the absolute delta was observed among the groups (P > 0.05) (Tables 3 and 4 ). In addition, no significant difference in weight and biochemical parameters in absolute delta was observed among the groups (P > 0.05) ( Table 4) .
Discussion
Despite the current improvements in surgical techniques, postoperative stricture of the biliary tract remains a challenge and a major cause of morbidity and mortality. In this study, we aimed to investigate the effect of 40 mg/day oral tmx treatment for 60 days on fibrosis, collagen content and mRNA expression of TGF-b1, -b2 and -b3 in common bile duct anastomosis in an experimental pig model. We observed that tmx decreased fibrosis and prevented the change in collagen type I/III ratio. Our group previously studied longitudinal incisions of the bile duct in pigs treated orally with tmx at a dose of 20 mg/day for 30 days. Tmx reduced the expression of a-SMA in the healing tissue, suggesting a decrease in myofibroblast number (Siqueira et al. 2013) . In a previous study in a rat model, it was reported that the antifibrotic effects of tmx are associated with reduced TGF-b1 levels, which in turn is related to the reduction in postoperative adhesion in a dose-and time-dependent manner (Karaca et al. 2013) . Therefore, in the present study, we decided to use a higher dose for a longer duration. Briefly, histopathological analysis showed that the bile ducts of animals with anastomoses (tmx and control groups) exhibited higher fibrosis than the sham group. In addition, pigs treated with tmx demonstrated a lower amount of fibrosis than the control group. These data suggest that tmx exerted an antifibrotic effect on bile duct anastomosis in the studied animals.
Inflammatory process and fibrosis are important factors associated with common bile duct stenosis (Starling & Abrantes 2003) . Extensive subepithelial fibrosis was observed in postintubation human tracheal stenosis (Correa Reis et al. 2012) . Our study suggests that the antifibrotic effect of tmx could decrease bile duct anastomotic stricture.
The total collagen content was higher in the control and tmx groups than in the sham group. However, there was no difference between the control and tmx groups. These data showed that transection and anastomosis of the common bile duct increased the total collagen content, while tmx showed no effect on total collagen. In a pig model of common bile duct healing, the collagen content per volume showed an increase in collagen for the first 14 postoperative days (Laursen et al. 2007) . The percentage of collagen area was used to evaluate changes in collagen content in benign biliary strictures in dogs (Geng et al. 2005) . It was concluded that TGF-b1 might cause prolonged healing of bile duct trauma, overdeposition of extracellular matrix, cicatrix contracture and stenosis of the anastomotic stoma. The qualitative characteristics of the deposited collagen are important for normal biliary tract anastomosis.
To specifically assess the quality of the deposited collagen, we determined the collagen type I/III ratio and found the ratio to be higher in the control group than in the sham and tmx groups. No difference was found between the sham and tmx groups. These findings showed that the 60-day treatment with tmx 40 mg/day decreased collagen type I/III ratio in the tmx group and prevented the change in collagen type proportion caused by common bile duct anastomosis. These findings clearly show the qualitative effect of tmx on collagen deposition.
Type I collagen has been hypothesized as the basis of hypertrophic (Cheng et al. 2011) and mature burn scar formation (Ozog et al. 2013) . Contracted wounds are unique in their type I collagen (Ehrlich and Hunt, 2012) , which has also been demonstrated in keloids (Ehrlich et al. 1994) . Alterations in the collagen type I/III ratio are hallmark indicators of skin injury. A higher collagen type I/III ratio suggests a stiffer granulation tissue where collagen type I is the predominant type, whereas a lower ratio suggests a more compliant, less stiff granulation tissue, which corresponds to previous quantitative analyses on wound contraction and granulation volume fractions (Monaghan et al. 2014) . Wound contraction is important in the development of biliary tract stenosis (Demetris et al. 2006) . In our study, pigs in the tmx group had a lower collagen type I/III ratio. Thus, we suggest that untreated animals have stiffer collagen and more rigid anastomoses, which predisposes stenoses. Considering that the bile duct anastomosis is formed in a circular fashion, excessive wound contraction can cause centripetal narrowing. This may result in stricture with upstream biliary ductal dilatation and obstructive jaundice. Therefore, we suggest that tmx probably induced the formation of more compliant anastomoses, thereby reducing the chances of stenosis.
No difference in the mRNA expression of TGF-b1, -b2 and -b3 was observed between the groups. This was probably attributable to the duration of treatment (60 days).
In particular, TGF-b1 appears to be involved in the initiation and completion of the tissue repair process (Mikulec et al. 2001 (Mikulec et al. , 2001 ). In a previous study, high expression of TGF-b1 was observed in the stenotic bile duct tissue of 23 patients (Geng et al. 2008) .
The weight, common bile duct diameter and biochemical parameter variations (D) were not significantly different among the groups. This shows that the groups progressed similarly, and these parameters were not sources of bias in the main analysis.
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The present results should be interpreted in the light of the potential limitations of the study. Because we addressed biliary wound healing process after transection and anastomosis at a 2-month follow-up time point, it is unknown whether tmx exerts a more long-lasting action. Further studies are needed to describe the time course of this modulatory action of tmx. In addition, as our aim was to specifically investigate fibrosis, collagen content and TGF-b1, -b2 andb3 expression during biliary wound healing process, we did not obtain an overview of the entire wound healing process, including the activation of the TGF-b-Smad signalling pathway. Although a more comprehensive approach would be desirable, the present results are straightforward and provide novel evidence for the modulatory role of tmx in fibrosis and collagen type I/III ratio in biliary wound healing.
Conclusion
The main observation of this study is that tmx decreased fibrosis and prevented the change in collagen type I/III ratio caused by common bile duct anastomosis in a pig model. Further experimental and clinical studies must be carried out to investigate the potential impact of using tmx as a preventive agent against stenosis of the common bile duct anastomosis.
